on ovarian (Ciereszko et al., 2001 (Ciereszko et al., , 2003 Makarevich et al., 1997; Whitehead and Lacey, 2000) and adrenal (Kamińska et al., 2002; Mesiano et al., 1999) steroidogenesis have been reported in mammals. There is no data concerning phytoestrogens and testicular steroidogenesis in domestic fowl. Therefore, the aim of this study was to investigate the effect of genistein and daidzein on blood testosterone concentration and testicular weight in mature roosters supplemented with large amounts of dietary phytoetrogens.
Material and methods
The experiment was performed in a commercial poultry farm. The animals were accommodated in cages during the period of rearing (7 chickens per cage) up to 20 weeks of age and after that 5 per cage until the end of the 37th week of age. Fifty roosters, 20 weeks old, were divided into 5 groups (ten in each group, two cages per group) and fed different amounts of additional isoflavones. Group 0 was blank with no additional isoflavones in the feed and in the other 4 groups soy isoflavones were added in amounts of 0, 300, 600, 1200 and 1800 mg/kg of feed. The composition and nutritive value of the basal diet is presented in Table 1 . The roosters received additional isoflavones from 20 to 37 weeks of age. The body weight of the roosters was measured with a special digital balance at the beginning and at the end of the experiment. Blood samples at the 20th week were taken from 5 marked roosters, after the accommodation of 5 days, directly from the heart (cardiac puncture), and at the end of the 37th week from the same animals.
Blood samples were centrifuged at 3500 rpm for 15 minutes, not more than one hour after the cardiac puncture and the collected plasma was frozen at -20ºC in a freezer until analysis. A quantitative analysis of total serum testosterone was performed by 125 I-based radioimmunoassay with the TESTO-RIA-CT Kit (IBL International GmbH, Hamburg, Germany) according to the instructions of the manufacturer. Sensitivity of the assay was 0.05 ng/ml.
At the end of the experiment 5 roosters from each experimental group were sacrificed. The roosters were anaesthetized by inhalation with diethyl ether and killed. At necroscopy, the testes (right and left) were excised from the body and the weight was measured with a digital balance of 0.01 g accuracy.
Data were tested for significance using analysis of variance, F-test and T-test according to Snedecor and Cochran (1989) .
Results
The results obtained are shown in Tables 2 and 3 . The presented average body weight of the roosters (Table 2) indicates that birds from group 2 reached the highest body weight (1917 g) and those from group 1 the lowest (1648 g). These results were recorded at the end of the experiment when the roosters were 37 weeks old.
Testicular weight was measured at the same age. The weight of the left testis was 5.27 g and 5.33 g in groups 1 and 4, but in groups 0, 2 and 3 the testes had higher weight (6.59, 6.72 and 6.90, respectively). The same trend was noticed for the right testis, the weight of which was 4.99 g and 6.62 g in groups 1 and 4, but 6.40, 5.72 and 6.62 g in groups 0, 2 and 3, respectively. The total weight of the left and right testes in groups 1 and 4 was 10.24 and 10.34 g, but in groups 0, 2 and 3 it was higher at 12.99, 12.44 and 13.52 g, respectively.
The relative weight of the measured testicles showed that in group 4 their weight was the lowest in relation to body weight. The highest relative weight was found in the control group and in group 3 (0.70% and 0.72%, respectively).
The highest blood concentration of testosterone in the roosters (Table 3) aged 20 weeks, after 5 days of the accommodation, was found in group 1 (1298.33 pg/ml), and the lowest in group 0 (567.00 pg/ml). This means that the additional amount of isoflavones in the feed influenced testosterone secretion. In the blood of roosters aged 37 weeks, the highest amount of testosterone was found in group 4 (615.00 pg/ ml) and the lowest in group 0 (188.50 pg/ml), which indicates the same trend as in young (20-week-old) roosters. The average concentration of testosterone in the blood of roosters aged 20 weeks was 894.70 pg/ml, which is nearly 3 times as much as in the blood of roosters aged 37 weeks (306.67 pg/ml). The average concentration of testosterone in the blood of 37-week-old roosters, expressed as a relative number in comparison with young (20-week-old) roosters was 34.28%.
Discussion
The effects of isoflavones (genistein and daidzein) on the growth performance of animals and birds have been variable (Greiner et al., 2001 a, b; Payne et al., 2001; Wilhelms et al., 2006) . According to our study, the average body weight of birds from isoflavone-supplemented groups was 2.82% lower compared with group 0 (P<0.05). This finding is in contrast with the experiment with male broilers in which the weight gain of birds significantly increased after supplementation of 10 and 20 mg isoflavones/kg (Jiang et al., 2007) . The results suggest that the effect of isoflavones (daidzein and genistein) on the body weight may be related to the duration of the treatment and the amount of supplemented isoflavones in the feed.
The relative weight of measured testicles showed that in group 4 their weight was the lowest in relation to body weight. The highest relative weight was found in the control group and in group 3 (0.70% and 0.72%, respectively). These results suggest that isoflavones could influence the decline in testicular weight.
The serum testosterone concentration was significantly higher in 20-week-old roosters in comparison with roosters aged 37 weeks (P<0.01). Fluctuations in the average values of the testosterone content were noticed in the groups of different age and in the treated groups. The testosterone concentration was higher in treated groups of 20-week-old roosters after 5 days of treatment (period of accommodation). This result indicates a rapid effect of isoflavones on testosterone concentration in young roosters. In the birds aged 37 weeks, testosterone concentration in the treated groups was also higher in comparison with the control group. The differences could be influenced by the feed treatment. Differences between experimental groups may be influenced by other factors such as individual social status, living space of inferior animals, and others. Further investigations are required to establish the initial time needed for isoflavone effect on testosterone concentration in blood and other factors. It is interesting to note that the blood concentration of testosterone in the roosters was 65.72% lower when they were 37 weeks compared to 20 weeks old.
The concentration of testosterone in the blood of young (20-week-old) roosters is similar to that found in 18-week-old roosters according to Gryzińska et al. (2011) .
As shown by the investigations of several authors (Wilhelms et al., 2006; Akinola et al., 2007) soybean phytoestrogens influenced the development of androgenic organs and hormonal status of chickens during the growth period (adolescent period) and in young males. In our study, no significant effect was found in the roosters kept in cages.
In conclusion, our results suggested that isoflavones (genistein and daidzein) did not influence the testicular weight of ISA Brown roosters. The testosterone concentration in the blood serum was significantly higher in roosters aged 20 weeks in comparison with roosters aged 37 weeks (P<0.01). Further experiments are required to investigate the influence of isoflavones on some other androgenic characteristics of ISA Brown roosters.
